Irrigation systems are designed to achieve a desired efficiency which in turns improve food productivity. This paper evaluated the Kakara Tea Irrigation System (KTIS) based on its coefficient of uniformity CU, delivery performance ratio (DPR), irrigation productivity (IP), labour requirements and water quality. Standard procedure was used for the evaluation. Christiansen's equation was used to compute CU. EDTA and flame photometer methods were used to analyse water quality. The result indicated that KTIS has a CU of 90.9%, DPR of 0.79 which indicated an efficiency of 79%. Sprinkler discharge rate was 1.2l/s and application rate was 7.5mm/hr. It is capable of irrigating 41.1ha/day with an average irrigation cycle of 9days and irrigation productivity of 2613.7kg/ha. Total irrigation production contributes 68.6% to the annual production; case study of 2016 production record. The exchangeable cations analysis of Kakara irrigation System water indicates thus; Na (0.75mgL -1 ), Ca (1.01mgL -1 ) and Mg (0.20mgL -1 ) and Sodium adsorption ratio (SAR) value of (9.64mmoleL 1 ), while the pH was 5.6. The result also indicated variation in discharge. Comparing the irrigation productivity (IP) with previous production records from [2011][2012][2013][2014][2015][2016] showed good irrigation performance trend of Mambilla Beverage Company irrigation scheme. However, the system is labour intensive since the laterals have to be moved after some period of time. The implementation or adoption of permanent laterals and risers will reduce manual labour demand. Variation in discharge can also be adjusted via use of uniform laterals, risers, and nozzles. This study further recommends an incorporation of a soil and water laboratory for the company to aid in monitoring the soil and water quality of the irrigation area.
INTRODUCTION
According to [1] performance assessment has been an integral part of irrigation since man first started harnessing water to improve crop production. In the last decade according to [2] performance evaluation of irrigation scheme has specially been an important and active field of research. Improving the productivity of existing irrigation schemes, especially with the limited water and land resources availability has got an increasing attention for global increase in food security. In Nigeria, irrigation performance assessment has been given the highest priority among other research needed to solve the problems of irrigation development and management [3] . Improving the performance of irrigated agriculture is very important considering the serious constraints faced by irrigators due to water scarcity and the ensuing competition for water by other higher-valued industrial concerns and urban uses. A good starting point as identified by experts [3] is to assess the performance of available irrigation systems in order to identify areas of lapses and make amend [4] . Evaluation is an indispensable tool in irrigation project management since it enables irrigation managers to measure and determine actual performance, and the factors that are responsible for low or less performance. The potentials of irrigation towards boosting agricultural production in Nigeria is enormous, considering the steady population increase and the variability and high temperature that draught especially the northern part of the country. Agriculture depending on rainfall in the southern and eastern part of the country has failed to produce enough food, and with increasing rainfall variability, productivity or rained agriculture is expected to diminish. To meet the increasing demand for food in Nigeria, significant investment in irrigation is needed and should be encouraged. To encourage and boost agricultural productivity through irrigation, it is important that the few irrigated arms in Nigeria, produce optimally at the most minimum water usage. Improving the performance of existing irrigation farms will not only boost production at reduced cost but it will encourage growers or farmers into irrigation agriculture thereby bridging the food security gap in Nigeria. The Kakara Tea Irrigation agriculture project located at the Mambila Plateau in Sarduna Local Government Area of Taraba State is one of the major irrigation projects in Nigeria. Improving the performance of this irrigation project through constant evaluation is considered a key issue in addressing the need for increased productivity of irrigated lands under pressure of water resource as forecasted by [5] . This paper therefore aimed at evaluating the performance of the Kakara Tea Irrigation project to ascertain the actual amount of water applied to the grown tea as opposed to the potential. This study collates invaluable data which will help to update the existing data base and guide the growers against failure in the future.
METHODOLOGY 2.1 Description of the Kakara Tea Irrigation Project
The Mambilla Plateau, where the Kakara Tea Irrigation project is located is between latitudes 6 0 .43' to 6 o .71'N and longitude 11 0 .15' to 11 0 25'E. It has a total land mass of 3,765.2 km 2 for farming [6] . Fig.1 shows the Kakara village via Google earth. The monthly rainfall records of the area for 2016 are shown in Table1. Rainfall is higher in August and September compared to other months. High temperature is observed during the dry season (January to March and early April sometimes). Sunshine hours are limited considering the plateau with high amount of rainfall. The highest sunshine hours are in January and December (see Table 1 ). The relative humidity was observed to be low compared to periods of high sunshine hours; hence these are the periods in which moisture of the soil is supplemented with irrigation so as to aid the crop growth and enhance its productivity.
Figure 1: Kakara Village via Google Earth
Tea, a flowering plant, belonging to the camellia (camelliasinesis) family, is the major crop grown at Kakara Tea Irrigation Project. The tea is grown in a total landmass of 700 ha out of which 370 ha (52.9%) is under irrigation. Tea is grown under a maximum monthly temperature of 30.0 0 C and minimum monthly temperature of 11.2 0 C [7] . Temperature above 33 0 C or below 10 0 C endangers the tea plants causing reduction in the rate of leaf growth [8] 
Sprinkler Equipment Description
The Kakara Tea Irrigation System (KTIS) practices the linear lateral move ("hope along") system of sprinkler irrigation. The water from the source enters the main pipe at the gate by gravity; the sub-main pipe is connected to divert the water into farm. The hydrants and valves are connected to the sub-main before it is connected to the laterals and risers to the sprinklers and water sprinkles out through the nozzles. The sprinklers were observed to be of divers make and sizes ( Table 2 ). The sprinkler has dual nozzles sizes of 4.8x3.2 mm and 4.4x2.5 mm. There are two different sizes of risers; 3 inches and 2 inches. The system does not require a pump as water diverted into the field flows by gravity. The gravity gives the system nozzle the required pressure, because the water head is 118 m (the difference between the water source level and the farm level is 1582 m-1464 m). 
Evaluation of Kakara Tea Irrigation System
Evaluation is very important in establishing the performance of an irrigation system. Measurements are taken to ascertain the actual amount of water which is applied to the crop, as opposed to the potential [9] . According to [10] , the overall performance of Irrigation relies on uniform application of water.
In evaluating the effectiveness of the "hope-along" (linear lateral move) Irrigation system used in Kakara Tea Irrigation project the guide given by [11, 12] was used. The parameters evaluated include annual cost of operating the system using the [13] method, the annual cost per hectare compared to annual returns per hectare; so as to measure economics, and labour requirement of the system, the application uniformity (coefficient of uniformity; a critical parameter [14] in ascertaining the effectiveness of the project. Energy was not considered in the evaluation, since water distribution is by gravity. The sprinkler design parameters were also considered. The irrigation water quality was also analysed based on the two major hazards; salinity and sodium hazard which was expressed as sodium absorption ratio. (SAR) as represented by Eqn. 1 [15] .
A Na √ Ca g 2 (1)
Field Experiments
The study was carried out at the Kakara Tea Irrigation Project at Mambilla plateau in Taraba state. The field is a hilly terrain but well developed for irrigation purposes. The tests were carried out under moderate environmental conditions at an average wind speed of less than 5.4 km/hr. The soil type is loamy soil.
Uniformity of Water Distribution
The determination of the uniformity of water distribution of the hop-along sprinkler system was done according to [16] standards. An area of the field, bounded by three sprinklers (Fig.1) was mapped out. The sprinkler nozzle sizes were 4.4x2.5 mm and 4.8x3.1 mm whereas two different risers of 3 inches and 2 inches were used. The test procedure consisted of setting up a pattern of identical cylindrical cans of diameter 6.7 cm and height of 10.3 cm, projected 5 inches above the ground level and distanced 6 m apart. The cans were arranged along the lateral line (Fig 1) .
Fig. 1: Field Experiment Layout
Both lateral and sprinkler spacing is 24 m and radius of through is 18 m. The sprinkler system was operated for a period of 90 min and the rates of discharge were recorded. This procedure was carried out in the evening hours to avoid disturbance by drifting air and also maintaining good overlapping of the sprinkling. The experimental results are presented in Table 3 . From the observed parameters presented in Table 3 , uniformity coefficient was computed using the Christiansen's equation (Eqn. 2). According to [17] a coefficient of uniformity, CU >84% is desirable. Arrangement styles that have the results less than this value should not be used.
Where: Z is the amount discharged in each catch can during test, m = ∑ ∑ is the Average discharge in can during test and f is the frequency of cans.
System Sprinkler Discharge Rate
Sprinkler system capacity is one of the predetermining parameters in the evaluation of a sprinkler irrigation system. It is dependant of the system application rate. The sprinkler discharge test was carried out and compared with the calculated value using Eqn.3 [18] q 36 (3) In (3) q is the sprinkler discharge rate (l/s), Ss is the sprinkler spacing (m), Sl is the lateral spacing (m) and Ra is the application rate (mm/hr). The capacity of the sprinkler determines the capability of the system and the irrigation cycle which is 9 days. The area of land irrigated per day was computed using Eqn.4 [19] A (4) Where: A is Area of land irrigated per number of hours a day (ha/day), Ta is the total irrigated land (ha) and IC is irrigation cycle (days)
Delivering Performance Ratio (DPR)
The delivery performance ratio being a measure of system performance was computed from the data generated for sprinkler discharge test; using equation 5, adopted from Molden and Gate as cited by [4] D (5) 
Irrigation Productivity
Every agricultural activity is geared toward improving productivity of the irrigated plot. Irrigation productivity (IP) was evaluated based on the production records (see Table 4 ) from 2011-2016 of Mambilla Beverage Company using Eqn. 6 [20] .
I.
2.4.5 Irrigation Water Quality.
Six different samples of water were collected from three different points around the dam and stored in a clean one litre container for analysis. Standard buffer solution, pH-meter with glass electrode and thermometer were used to test for the pH level of the water [15] . Complexometric titration using Sodium salt of ethylene-diamine tetra-acetic acid (EDTA) reagent was used to determine Calcium and Magnesium ions (Ca ++ and Mg ++ ). Sodium was determined using flame photometer method [21] 3. RESULTS AND DISCUSSION 3.1 Results Table 5 presents the expected and obtained values of  the evaluated parameters, while Table 6 presents the results obtained from analysis of cations presence and the corresponding Sodium Absorption Ratio (SAR) in the irrigation water.
Discussion
The coefficient of uniformity of Kakara Tea Irrigation system was observed to be 90.9 % which is in conformity with [17] and [22] results but above that above that of [4] which was 86%. This shows that the sprinkler system of irrigation at the study area is effective since the expected result is 85% and above. Based on the irrigation cycle which is averagely 9 days, it was observed that the system is capable of irrigating 41.1 ha of land per day. It would take the operator less number of days if more sprinkler equipment are acquired and installed. The sprinkler application rate was 1.2 mm/hr based on the field experiment instead of 1.8 mm/hr expected value. The decline in the value of the discharge may have resulted from the age, clogging or poor storage methods of some nozzles. The Delivery performance ratio, DPR was observed to be 0.79 from the experimented field data which indicated an efficiency of 79%. This obtained efficiency agrees with the experimental results of [11, 12] on irrigation efficiencies of different sprinkler systems but dis agree with that of [4] which was 0.87. Based on the studies done by [11, 12] , the sprinkler irrigation system of the research area is effective. This efficiency can as well be improved if sprinkler equipment are properly managed and replaced at due time Fig. 2 presents the graph of sprinkler discharge variation. This variation is confined to the variation of nozzles' makes and sizes (see Table 2 ). Recalling Table  3 , the range (difference between maximum and minimum) of catch or discharge was 3.2 mm with minimum and maximum discharge of 5.8 mm and 9.0 mm respectively. It was observed from computation value that irrigation productivity of Kakara Tea Irrigation System is 2613.7 kg/ha. This was computed based on 2016 total production output from irrigated area, which was 960,063 kg. This contributed approximately 68.6% of the production as against 31.4% for non-irrigated land with landmass factor. Removing landmass as a contributing factor, 230 ha of irrigated land hitherto supersedes 230 ha of non-irrigated land by 15.24%. Fig.3 presents the graph of green tea production from both irrigated and non-irrigated land for six years. From this graph, it can be deduced that the aim of increasing yield via irrigation is highly achieved at the Kakara Tea Irrigation Project of the Mambilla Beverage Company Nigeria Limited.
Chemical Characteristic of the water
The water pH has the mean value of 5.60. Comparing this to it value from inception and intermediate researches, there have always been slight and insignificant changes due to human activities and grazing around the area. This result also indicates that the water is slightly acidic and may not be suitable for crops that are sensitive to acid water. As reported by [23] , tea plant most satisfactory grow well within pH range of 4.0 and 6.0. Therefore, the water pH value is at a desirable range for the crop grown. The exchangeable cations of the water used for irrigation at Kakara has mean value of Na (0.75 mgL -1 ), Ca (1.01 mgL -1 ) and Mg (0.20 mgL -1 ) and the Sodium adsorption ratio (SAR) value of (9.64 mmoleL -1 ).
Comparing these values with the previous tests, there is no significant differences. Most likely, the little alterations are caused by human activity. Also considering the recommendations made by the [24] for irrigation water "Ca ( -20 mgL -1 ), Mg (0-5mgL -1 ) and Na (0-40 mgL -1 ) and SAR (0-15 mmole/L)", the water source is non-alkaline as it is clearly indicated by the pH value. The SAR falls within the required range meeting the standard demand for irrigation water reported by [15] 4. CONCLUSION AND RECOMMENDATION The pH and the exchangeable cations in the irrigation water used by Kakara Tea Irrigation Project (KTIP) is in conformity with irrigation water requirements standard [24] . The system also has good distribution uniformity, but if uniform sprinklers and nozzles sizes are used, it will improve the application uniformity of the system which will also increase irrigation productivity. Instead of KTIP to continue practicing "Hop-along" system of sprinkler irrigation, they should always mount sprinklers on all the risers to minimize labour requirement of the system. This study further recommend government and the management of Mambilla Beverage company to endeavour to build soil and water laboratory to enable soil and water analysis within the company for the purpose of research and also to help them remain updated on the geo and hydro-information of the area to avoid gradual degradation of the land and contamination of water body. The management should also adapt the system of making use of the same size of nozzles instead of varying (Table 2 ). If they must use different sizes and mades of sprinklers, installation should be based on nozzle sizes or made.
